Mitochondrial nitric-oxide synthase stimulation causes cytochrome c release from isolated mitochondria. Evidence for intramitochondrial peroxynitrite formation.
Nitric oxide (NO) is synthesized by members of the NO synthase (NOS) family. Recently the existence of a mitochondrial NOS (mtNOS), its Ca(2+) dependence, and its relevance for mitochondrial bioenergetics was reported (Ghafourifar, P., and Richter, C. (1997) FEBS Lett. 418, 291-296; Giulivi, C., Poderoso, J. J., and Boveris, A. (1998) J. Biol. Chem. 273, 11038-11043). Here we report on the possible involvement of mtNOS in apoptosis. We show that uptake of Ca(2+) by mitochondria triggers mtNOS activity and causes the release of cytochrome c from isolated mitochondria in a Bcl-2-sensitive manner. mtNOS-induced cytochrome c release was paralleled by increased lipid peroxidation. The release of cytochrome c as well as increase in lipid peroxidation were prevented by NOS inhibitors, a superoxide dismutase mimic, and a peroxynitrite scavenger. We show that mtNOS-induced cytochrome c release is not mediated via the mitochondrial permeability transition pore because the release was aggravated by cyclosporin A and abolished by blockade of mitochondrial calcium uptake by ruthenium red. We conclude that, upon Ca(2+)-induced mtNOS activation, peroxynitrite is formed within mitochondria, which causes the release of cytochrome c from isolated mitochondria, and we propose a mechanism by which elevated Ca(2+) levels induce apoptosis.